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The Allison modei 400-C6 compressor was opera-tea at an inlet 
pressure of 12 inches of mercury absolute ana ambient inlet tempera- 
ture at equivalent impeller speeds of 6000, 7000, and 8500 rpm. 
AdditionaL runs at an eqavalent speed of 7000 rpm and axibient inlet 
temperature were made at inlet pressures from 7 to 22 inches of mercury 
absolute. !lbe results of this investigation are compxfea with those 
of the 533-A-23 compressors. 

For the speedsin~estigated, the Allison model 400-C6 compressor 
had a nzx&um adiabatic temperature-rise efficiency of 0.768 at sn 
equivalent speed of 7000 m; the corresponding equivalent weight 
flow.was 45.0 pounds per secod and the pressure ratio was 1.83. At 
an equivalent impeller speed of 8500 rpm, tie rgaximum equivalent 
weight flow was 61.6 pounds per second ad the peak preesure ratio . 
of'2.38 occurred at an equivalent wei&t flow of 52.2 pounds per 

I second and an adiabatic temperature-rise efficiency of 0.714. 

At an equivalent speed of 7000 rpm, increasing the compressor- * 
inlet pressure increased the maximum equivalent weight flow snd tie 
pressure ratio. 

At the B comparable equivalent impeller speed of 8500 rpm, 
the maximum equivalent weight f&w was approxindely 6.5 percent 
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hi&er than the wei&t flow for the 533-A-23 compressor with a 34- 
blade impeller. The pressure ratio anil the adiabatic temperature- 
rise efficiency were sl.ightly lower than those of the 533-A-23 com- 

. pressors; however, a ccmrpasison of pressure ratio aa efficiency 
at low speeds is not necessarily indicative of a comgarison at high 
speeds. * 

INTRoIXKTION 
. 

At the request of the Air Pkberiel Cod, U. S, Air Force, en 
investigation is being c~auOt0a at the NACA Lewis laboratory to 
de-@mtdne the performance characteristics of a series of turbojet- 
engine compressors. An investigation of an Allison model 400-C6 
turbojet-engine compressor is presented. Runs were tie over a 
range of equivalent impeller speeds fbom 6000 to 8500 rpmwith an 
inlet pressure of 12 inches of mercury absolute aad ambient inlet 
temperature. Aaaitional runs were made at an equivalent imgeller 
Bpeed of 7000 rpm, ambient inlet temgerature, an@ vaHous inlet pres- 
sures to determine the effect of inlet pressure(ReynoldsnumIber) on 
compressor performance. 'Iheinvesti~~onwasterminatedbyfailure 
of the compressor unit. 

Azsratus. - !ihe Allison model 4000C6 compressor assembly con- 
sists of a double-entry centrifugal compressor, a vaned diffuser, 
and a compressor casing. t&e compressor aw3m0w 83-e: 

Speller-inlet diameter, inches ............... 19.48 
Speller-outlet diameter, inches .............. 30.00 
Ntmiberof4mPeller.blades.perside .............. 23 
tiffuser-inlet-vane diameter, inches ............ 33.24 
mumberof aiffu8~p3~~8. ................. 14 
I&n diffuser-discharge diameter, inches .......... 42.88 
Diffuser-outlet passage area, square inches per passage ... 10.41 

C&e remainder of the amtus is the 882118 as that described in refer- 
ence 1. 

Bdrumentation. - fIbe instrumentation is also the same as that 
described in reference ltith the exception that a submfzged flat- 
plate orifice was used to measure the compressor air wei@t flow. 

;- - .- _. _~_ _.._~ ._.“._ -. -. _- ..-- _.-_- ..-1-.. .- .-._ -__- - _.,.... _._._ .-- 
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The precision of the measurements is estimded to be within the 
following limits: 

Temgerature.9 ....................... f0.5 
Pressure, inches mercury absolute .............. ho.04 
Air weight flow, percent .................. kl.0 
lbpeller speed, percent ................... f0.3 

N 

Pl 

p2 

Q 

TL 
U 

W 

6 

The following synibols are used in this report: 

impeller speed, rpm 

inlet total pressure, inches mercury absolute 

outlet total pressure, inches mercury absolute 

volume flow, cubic feet per second 

inlet total temperature, 91 

impeJLLer tip speed, feet per second 

wei&t flow, pounds per second 

ratio of inlet total pressure to NACA stanm sea-level 
pressure d- 

‘1aa adiabatic temljerature-rise efficiency 

8 ratio of inlet total temperature to NACA +ardard sea-level 
temperature 

P absolute viscosity, ~OLXUIS per foot-second 

METHODS 

Ihe runs to determine the over-all perforce characteristics 
of the compressor were made at anibient inlet temperature, which varied 
f&m 780 to 86O F, and at the highest inlet pressure possible at design 

_ .ri. .  _._--_ _..  _ .-_._, - -. --, -_ - -.~.__-.j, m-.-w- ._--__ - ___~. _--- -- - 
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speed as lim ited by the power and the gear ratio of the drive unit. 
A sumnary of the operating conditions is given in the following 
table: 

l?bqtivalent inl- l3qmalent 
peller speed tip speed 
m /G 

kd 
v/e 

(ft/sec) 
6000 786 
7000 916 
8500 1113 
7000 916 
7000 916 
7000 916 

' 7000 916 

Inlet pressure Effect detemined - 
Pl 

(in. Hg abs.) 

12 
12 
12 

sjje8a and 
air-flow 
rate 

7 l3let pressure 
9 (Reynolds 

17 nm&er) 
22 

EfYect of sped. - Be perfomance of the All isonmodel400-C6 
mqmessor at equivalent impeller speeds of 6000, 7000, and 8500 rpm 
is presented in f;igure 1. For these speeds, the mx imm adiabatic 
temperature-rise,efficiency was 0.768 and occmed at an eqtivalent 
impeller speed of 7004 rpm, an equivalent weight flow of 45.0 pouds 
per second, and a pressure ratio of 1.83. At an equivalent.impeller 
speed of 85OOrpm, them&mum equivalent wei&t flow was 61.6 potis 
per second, ana tie peak pressure ratio of 2.38 occurred at an 
equivalent weight flow of 52.2 pounds per secod and an adiabatic 
terqperature-rise efficiency of 0.714. J 

. 
Effect of inlet pressure (Reynolds number). - 'Ihe effect of 

inlet pressure (Regnolds number) on compressor performme for an 
equivalent impeller speed of 7000 rpm if3 shown in figure 2. For 
convenience, 'this effect is shuwn in'terms of a RepoMs nmiber inaex 
P~/(Pqq l Because the inlet temperature was held as nearly con&ant IT' 
as possible, changes in p and Tq are very md l. and the princi- 
pal vsdable is inlet pressure Pl. Increasing the Reynolds m m iber 
by increasing the $&Let pressure resulted in higher ~UIX@W equivalent 
weifjht floG and pressure ratio. , 

C~IQWF~SO~ of p&formance of 333-A-23 ccmrpressors with Allison 
model 400-C6 compressor. - Peak performme characteristics of the 
533-A-23 compressors and the Allison model 400-C6 compressor are 

’ -_ ~.. .--._ _. ;,~ --,- -.._ ._~ . ..-_.- -- _.____ _.--- --- -.- 
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5 
: compaxed in figure 3 for equivalent impeller speeds of 6000, 7000, 

and 8500 rpm. 'Ihe comparison is not exact because of the aifference 
in the operating conditions between the model 400-C6 compressor ana e the 533 compressors. 'Ihe model 400-C6 compressor was run at an 
inlet pressure of 12 inches of mercury absolute ad the 533 compres- 
sors were run at an inlet pressure of 14 inches of mercury absolute. 
It can be seen from figure 2 that a slight increase in compressor 
performance would be obtained if the model 400-C6 compressor tiere 
operated at an inlet pressure of 14 inches of mercury absolute. 

The weight-&w capacity of tie model 400-C6 comg$essor is greater 
tian the weight-flow capacity of the J33-A-23 compressors (fig. 3(a)). 
At an equivalent impeller speed of 8500 rpm, the maxTmum equivalent 
weight flow is approxj313Ettel.y 6.5 percent higher than the wei&t.flow 
for the 553-A-23 compressor with a 34-blade impeller. !Zhe peak pres- 
sure ratio for the model 400-C6 comgressor is very sli&tly lower than 
the peak pressure ratio for the 533-A-23 compressors. Ati an equivalent 
impeller speed of 8500 rpm, the peak adiabatic temerature-rise effi- 
ciency for the model 400-C6 compressor was appxoxjxxztely 0.04 lower 
than the efficiency for the 533-A-23 compressor with a 17-blade impel- 
ler, and approxiraately 0.02 lower than the efficiency for tie =3-A- 
23 compresson with a 34-blade impeller. fchis comparison of pressure 
ratio and efficiency at low speeds is.Onot necessarily indicative of a 
compazison at hi& speeda. Xn fact, the better a unit is at the design 
potit, the poorer it is likely to be at off-design points. 

3 

An investigatiori of the over-all perfozm9nce characteristics of 
the Allison model 400-C6 compressor @ve the following results: 

1. When tiperatea at equivalent imgeller speeds of 6000, 70.00, 
ena 8500 rpm, the compressor had its W adiabatic temperature- 
rise efficiency bf 0.768 at a equivalent impeller speed of 7000 rpm 
with an equivalent weight flow of 45.0 povnds per second and a zre- 
ssure ratio of 1.83. :At an equivalent meller speed of 8500 rpm 
the mziximm equivalent weight flow wa6 61.6 pounds per second and 
the peak pessure ratio of 2.38 occurred at an equivalentwei@rt flow 
of 52.2 pounds per second and an adiabatic te~erature-rise effi- 
ciency of 0.714. 

2. At an equivalent Weller speed of 7000 rpm, increasing the 
compressor-inlet pressure resulted in hi&er nmximnm equivalent wei&t 
flar and pressure ratio. !&is variation of compressor perforce 
wifh inlet pressure indicates a Reynolds nwnber effect. 

c 
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3. At the maz&uum comparable equivalent impeller speed of 
8500 x-pm> the w equivalent weight fluw was approximately 
6.5 percent hiher +&an the wei&t flars for i&e 533-A-23 compressor 
wTtha 34-blade impeller. !Qzte pressure ratio and the diabatic 
temperatur0-rise efficiency were sli&bl.y lower than those of the 
533-9-23 compressors; however, a comparison of pressure ratio and 
efficiency at low speeds is not necessarily indicative of a com- 
parisanathi& speeds. 

IewisFli&tPropulsionfaboratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio, Deceziber 15, 1948. 

E&l Kovach, 
Aeronautical Resesrch Scientist. 

?itEX%i2%J~* 
Aeronautical Resea& Sc&Mst. 

Approved: 
Robert 0. Bullock, 

Aeronautical Research Scientist. 

a 

Oscar W. Schey, 
Aerona&ical Research Scientist. 
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Figure 1. - Performance of 400-C6 compressor at inlet pressure 

of 12 inches mercury absolute and ambient inlet temperature. 
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Figure 3. - Comparison of 400-C6 compressor with J33-A-23 
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